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Arsonic  and  Arsinic  Acids. 

Arsonic  acids  may  be  considered  derived  from  arsenic  acid. 
As  OCOhO^by  replacing  one  of  the  hydroxyl  groups  by  a  univalent 
hydrocarbon  radicle  or  substituted  radicle;   thus  the  arsonic  acids 
have  the  general  formula  R  As  0(OH)p.        Arsinic  acids  are  dialkyl 
or  dialphyl  substitution-products  of  arsenic  acid  and  have  the 
general  formula  R  RjiAs  00H  where  R  and  R-j_  are  any  tv/o  .univalent 
hydrocarbon  radicles.      All  of  the  arsinic  acids  prepared  have  the 
two  radicles     identical,  except  pheny 1-p-toluyl  cacodylic  acid 
(  Ann.  Chem.(  Liebig)  521.  157. 

The  arsinic  acids  may  be  considered  homologous  to  cacodylic 
acid  and  are  therefore  frequently  termed  cacodylic  acids  -  for  in- 
stance, phenyl  arsindcjacid  is  also  known  as  phenyl  cacodylic  acid. 

The  structural  formulas  usually  assigned  to  the  arsonic  and 

arsinic  acids  are:        0-H  R 

»  f 

R  -As  =  0  and  R-As  =  0 

i  i 

0-H  0-H 

The  best  proof  (Ann.  Chem.   (Liebig)  107  ,  269)  of  the  direct 

union  of  the  radicles  with  arsenic  is  seen  in  their  reduction  (Ber. 

d.  chem.  Ges.  27,   1578;  American  Chem.  Journ.  3_3,  104)  to  the 

corresponding  arsinee,  which  unquestionably  contain  the  radicles  in 

direct  union  with  arsenic: 

R  As  0^2    +  6H    =    R  <8sH2    +  5  HgO 

RpAsOOH      t  4K    =    RoAsH    -f  2  H  O 

^  2 
The  possibility  here  of  molecular  rearrangement  is  precluded 

by  the  fact    that  the  arsines  spontaneously  reoxidize  (American 


2 


Chem.  Journ.  33,   124)  to  the  corresponding  acids: 

R  As  Ho    +    30     =    R  As  0(0H)„ 

*   '  2 

R2As  H       +  20     =    R2As  00H 
The  proof  of  th®  pentavalence    of  the  arsonic  and  arsinic  acids 
is  seen  in  their  stability  toward  oxidizing  agents  (  Eunsen,  Ann. 
Chem.   (Liefeig)  46,  9;     La  Coste,  Lbid,208,3,  32)-  as  for  instance 
nitric  acids  or  the  halogens  (La  Coste  and  Michael is,  Ann.  Chem. 
(Liebig)  201 .  231.)        All  compounds  known  to  contain  trivalent 
arsenic     are  easily  acted  upon  by  halogens. 

The  remainder  of  the  structure  of  the  arsonic  and  arsinic 
acids  is  established  by  their  basicity;   the  former  are  dibasic , (Ann. 
Chem.   (liebig)  107 ,  290:     320 .  277),  the  latter  are  mono-basic, 
Baeyer  concluded  (ibid.  107 ,  263)  that  cacodylig  aEid  is  analogous 
in  structure  to  metaphosphoric  acid  ,  the  (CH^Jg  As  group  substitu- 
ting the  trivalent  -  P  _  0    group  and  is  thus  in  perfect  concord- 
ance with  the  above  structural  formula.      According  to  some  recent 
work  of  Hanztsch  (  Eer.  d.  chem.  Ges.  37,   107$),  however,  conducti- 
vity measurements  of  methyl  arsinic , acid ,( cacodylic  acid)  tend  to 
show  that  when  treated  with  caustic  alkali  it  does  not  react  as  a 
strictly  mono^basic  acid.        Upon  adding  NaOH  to  a  solution  of  so- 
dium methyl  arsinate  the     measurements  show  that  the  substance  in 
solution  is  at  least  in  part  the  sodium  salt  of  a  tribasic  acid. 

The  author  gives  the  following  reaction  as  representing  what 
takes  place; 

(   C  HR)rAs  02Ka    -r    NaOH      =       (  C  H*  )o  As  .(  0  ff  )   (0  Na)o 
and  thus  the  structural  formula  for  the  arsinic  acids  may  be 

R  R 
•  i 

R     -    As     =     0  or  R     -  As        =  (  0  H  )p 

i  t  ° 

OH  OH 
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the  former  bearing  to  the  latter    the  same  relation  as  mfcta  phos- 
does 

phoric  acidAto  orlbhophosphoric  acid. 

There  is  available  at  present  only  one  good  general  method  for 
the  preparation  of  both  arsonic  and  arsinic  acids:  viz,-  the 
hydrolysis  of  the  corresponding  ^entavalent  radicle      halogen,  arsenic 
compounds : 

R  As  Cl4  !-  3  HoO  =  R  As  0(0  K)0  -'r  4  K  CI 
Rr>As  CI*    +    2  HO      =      RoAs  0  0  H        4-    3  H  CI 

the  first  application  of  this  general  reaction  was  made  by  Baeyer 

in  the  preparation  of  cacodylic  acid  (  Ann.  Chem. (Llebig)  107 ,266 ) , 
(   CHr7)o  As  Cl3     •*•    2  H20      =       (   CH^j     As  00H      *     3  H  CI 
The  first  application  in  the  aromatic  series  was  made  by 

La  Coste  and  Michaelie  (  Ann.  Chem.   (Liebig)  201 ,  202),   in  the 

preparation  of  phenyl  arsonic  acid: 

OgHg  As  Ql4    v     3  H20      =     Cg  Hg  As  0(  OH  )g     -f     4-H  CI 

Modifications  of  the  above  general  method  are  found  in  the  oxidation 

of  monomethyl  arsenic  dichloride  by  means  of  moist  silver  oxide(  Ann 

Chem.  (Liebig) :  ip_7,  236.):' 

(  C  Hg)  As  Clo  +    2Ago0    H     H20     =     (   GHg)  As  0(  OH  ).g    "+  2Ag  CI  2Ag. 
the  oxidation  of  m-xylyl  arsenic  dichloride  by  means  of  hydrogen 
peroxide  (   Ibid.     320,     333)  : 

(  0qH9)  As  Cl2    H     2  H2  0        =       ( CQ  H9 )  As  0(  00  )g  2  H  CI  .  0 

and  the  oxidation  of  primary  (Eer.  d.  chem.  Ges.  34_,  3594;  American 
Chem.  ^ourn .3  3 .     124)  and  secondary  (  Ber.  d.  chem.  Ges.  27,  1378; 
Wilcox  thesis  p)  arsines  by  atmospheric  oxygen,  etc:; 
R As  Hg  H      3  0      =      R  As  C(  CH)2 
RoAs     K     4     2  0      =      RcAs  00H 


A 


The  intermediate  compounds  in  the  formation  of  the  arsonic  and 
arsinic  acids;  viz  -  the  trivalent  radicle      halogen  compounds  are 
derived  %n  two  general  reactions: 

X.     ,The  condensation  of  arsenic  trihalides  and  alkyl  or  alphyl 
mono  halidas  by  means  of  sodium: 

R  CI   +  As  Clg    <  ;.Na    =    R  As  Clg   +  jJN'a  CI 
2RC1        As  Cl3    +  A  Na=    RgAs  CI      h    $Na  CI 
II.   The  interaction  of  arsenic  trihalide  and  mercury  alkyl  or 
mercury  alphyl; 

Hg  Rc     f  2  As  Gig      =      Hg  CI 2     -f   2R  As  Clg 
Hg  R0    -I-      As  CI        =      KG  Clo     +     RnAs  CI 

c,  c>  *»  <s 

The  first  application  of  reaction  lito  the  aromatic  series  was 
made  by  La  Coste  and  Michaelis  (  Ann.  Chem.   (Liebig)  201 ,     196)  in 
the  preparation  of  phenyl  arsenic  dichloride: 

(C6H5)2  Hg  -i-   2As  CI?      =      2(CBHK)  As  CI     +     Hg  Clo 
he  first  in  the  fatty  series  was  made  by  La  Coste  (   Ibid.  203,  33) 
in  the  preparation  of  ethyl  arsenic  dichloride: 

(C2K5)2  Hg    +     2  As  CI,,      =     (CgHg)  As  Clo    *(C2H5)  Kg  CI 
The  first  application  of  reaction  f(  l)  to  the  aromatic  series 
was  made  by  Michaelis  and  Rees(Ber.  d.  chem.  Ses.  1_5,     2876)  in  the 
preparation  of  triphenyl  arsine  and  its  subsequent  transformation  to 
phenyl  arsenic  dichloride  by  heating  with  arsenic  trichloride: 
3(C6H5C1  As  Cl?         6Na    =     (CgHgLAs     h  6NaCl 

(C6H5)3  As  +    2  As  CU        =      3(C6KC)  As  Clo 
The  first  application  of  reaction  (X  )  to  the  fatty  series  was 
made  by  Wilcox( Thesis  on  Secondary  Arsine  p'-)  in  the  preparation  of 
mono- and  di-isoamyl  arsenic  chlorides: 

CI    +  As  Cl3      j-Na    =    C5  Hi;L  As  Clg    .'-'JNa  CI 
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2  C5H11  01    +  AS  C1"         2Na,2-  =  Hl1^2  AS  01     '  ^  Na  01 

Besides  the  above  general  method  for  the  preparation  of  arson- 

ic  and  arsinic  acids  there  are  a  number  of  sqw  .._.al  methods  which  arc 

of  great  importance: 

(1)  -  The  reaction  of  alkyl  halides  with  alkali  arsenites  to 

form  fatty  arsonic  acids: 

As  (ONa)3  RT    =    R  As  0(  0  Na  )2    ■    Na  I 

Hhis  reaction  was  first  employed  by  Meyer  (Ber.  d.  chem.  6es.  16 . 

1440),  was  modified  by  Klinger  and  Kreutz  (AnrtJ.  Chem.   (Liebig)  249 , 

147)  and  was  elaborated  and  extended  by  Dehn  (American  Chem.  Journ . 

33,  131). 

(2)  -  The  ] reparation  of  cacodylic  oxide  by  beating  potassium 
acetate  and  arsenic  trioxide  : 

4C  H5CH20K  f  Aso0,,  =  ((CH^)oAs)g  0  2C02  (  2&2C0?  and  its 
oxidation  to  cacodylic  acid: 

((   CH?)2As)2  0  4    H20    -/  4  0     =     2  (01%)  As  00H 
This  reaction  has  not  yielded  a  single  homologue  of  cacodylic 

acid. 

The  arsonic  acids  hitherto  known  and  studied  are  as  follows: 
1 


1. 

Methyl 

2. 

Lthyl  2 

3. 

Phenyl"' 

4. 

4 

Nitro  phenyl 

5. 

Di  methyl  amido  phenyl^- 

6. 

pr  Anisyl6 

7. 

7 

p.-  Phenetyl 

8. 

8 

pr  Benz 
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9. 

m-Eenz^ 

10. 

Nitro  benzxu 

11. 

0  -  Toluyl11 

12. 

"I  o 

m   -  " 

13. 

1  3 

P  " 

14. 

1  A 

Nitro  "  ^ 

15. 

Benz    "  1& 

16. 

10 

O-Dimethyl  a'ffliido-p-tolyl 

17. 

M-Xylyl  ' 

18. 

19. 

Monocblor  Xylyl18 

20. 

18 

Dichlor  " 

21. 

1  ft 

Nitro  10 

22. 

m -  Tolu19 

23. 

21 

p-  " 

24. 

19 

Phthalo 

25. 

*  PP 
Psea  documyl 

26. 

22 

p-  Cumyl 

27. 

Alpha  Naphthyl15 

28. 

23 

Beta  ^ 

29. 

OA 

Tertiary  butyl  pbenyl  ^ 

(D- 

Ber .  d 

.  chem.  Ges. 16,   1440;       Ann.  Chem.   (Liebig)  107,263; 

849. 

149  . 

(2)-  Ibid,  208,  34;  American  Chem.  J.  33,  132. 

Ann.  Chem. (Liebig)  201,  203.         (4)-  Ber.  d.  chem.  Ges.  27,265. 

Ann.  Chem. (Liebig)  270.  139.     (6)  -  Ber.  d.  chem.  Ges.  20,  51. 

(8)  Ibid,  20S,  3. 

(7) 

-  Ann. 

Chem.  (Liebig)  320,  300.     (r$  -  ibid.  320_,  329.   (10)  Ibid. 

58Q. 

325.   (11)  Ibid.  201,  255.  (12)  Ibid.  320},  328.     (13)  Ibid.  201, 

255. 

(14) 

Ibid.  32£,  321.     (15)  Ibid.  208,  3.   (16)  Ber.  d.  chem. 
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Ges.ll,  1503.         (17)-  Ibid.  11,  1718.  (18)-  Ann.  Chem. (Liebig) 

320,  334.  (19)  -  Ibid,  320,     335.       (20)  -  Ibid,  320,  338. 

(21)  -  Ibid,  320,  339.  (22)-  Ibid,  320,  540.         (23)  -Ibid,  52Q. 

344.  (24)  -  Ibid,  320,  342. 

29 

It  will  be  seen  that  though  some  ^rsinic  acids  of  the  aromatic 
series  have  been  prepared  only  two  of  the  fatty  serips  have  been 
prepared.        I  herein  contribute  two  new  fatty  arsonic  acids;  viz- 

30  .  Propyl 
£1.  Isoamyl 
and    also  the  aromatic  arsonic  acid, 

32-.  Benzyl 

The  arsinic  acids  hitherto  prepared  and  studied  are  the 
following: 


1. 

Methyl 

2. 

Ethyl  2 

5 

*~f  • 

Phenyl 

4. 

1 4 
Benzyl 

5. 

p,  Toluyl5 

6. 

l\itro  phenyl 

7. 

Benz^ 

8. 

Phenyl-p-toluyl 

9. 

Isoamyl 

3 


(l)-Ann.  Ghem. (Liebig)  46,  2.         (2)  -  Ibid,  92,  365.  (3)-Ibid 
201.  231;     521.     150.  (4)-  Ibid. 233,  82.         (5)-  Ibid,  208,  20 

(6)-  Ibid,  208,  25.       (7)-  Ibid,  321,  151.       (8)-  Ibid,  321,  157. 
(9)-  Wilcox  thesis  p  -.^ 
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Normal  Propyl  Arsonic  Acid. 
This  acid  was  prepared  in  the  same  manner  as  ethyl  arsonic 
acid  (American  Chem.  Journ.  33,     132).        To  27?  grams  of  arsenic 
trioxide  (1  mol.),  and  460  grams  of  potash  (6  mols.),  sufficient 
water  was  added  to  cause  complete  solution.        After  cooling . alco- 
hol was  added  to  the  point  of incipient  precipitation  of  potassium 
arsenite,  then  460  grams  of  normal  propyl  iodide  (2  mols.)  were  add- 
ed and  the  mixture  was  shaken.        Usually  either  some  potassium 
arsenite  or  some  propyl  iodide  precipitates  at  this  stage,  but  a 
homogenous  solution  may  be  produced  by  adding  either  water  or  alco- 
hol or, when  the  solution  is  too  concentrated        both  must  be  added. 

After  keeping  the  mixture  in  tightly-stoppered     bottles  for  a 
the 

number  of  days,  following  reaction: 

.A 

As(   0K)3     *      Cg  H?  I       =       (         H   )  As  0(   OK  )g    +     K  I 
and  the  unavoidable  side-reaction: 

Co  H5  0  K   •+    Cj7  H?  1     =  Hg-  0  -  0S  H?     b      K  I 

were  complete.       The  mixture  was  then  subjected  to  distillation  to 
remove  the  alcohol  and  the  ethyl-propyl  ether. 

Hydrochloric  acid  was  added  to  the  point  of  incipient  precipi- 
tation;  then  a     stream  of  chlorine  was  passed  in  until  the  pure 

2 

white  double-3alt  first  formed  was  dissolved  and  all  of  the  iodine 
was  precipitated.       The  filtrate  was  treated  in  the  cold  with  mag- 
nesium mixture  to  precipitate  the  arsenate;  upon  boiling  the  fil- 
trate from  MH^MgAs04  with  more  magnesium  mixture  the  magnesium  salt 
of  normal  propyl  arsonic  acid  was  precipitated  as  pearly- white,^  soapy 
crystals;:  jjfa.eld  42  f0.       The  magnesium  salt  was  dried  and  analyzed; 

0  *  Mg' 

.  Salt  dried  at  100u  -  105    for  8  hours     -  11.95 

2 .      Amarr .  Chem.  Journ.     3J5,  141.  
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Salt  dried  at  130w  -  140  for  6  hours  - 
Salt  dried  at  135°  -  160°  for  4  hours  - 


11.99 


12.09 


Salt  dried  at  190 


0 


-  200     for  5  hours 


13.38 


Theory  for  (Cj5H7AsO^Wg)  HgO 
Theory  for  C*  H?  As  O3  Mg 


12.05 


12.48 


These  analyses  indicate  that  the  magnesium  propyl  arsonate,  like 
magnesium  ammonium  arsenate  (Zt.f.  Anal.  Chem.  10,  62.)  dried 
above  100^,  contains  one  molecule  of  water  of  crystallization  to  two 
molecules  of  the  anhydrous  salt.       Drying  above  190®  not  only  re- 
moved this  water  of  crystallization  from  magnesium  propyl  arsonate 
but  also  partially  decomposed  the  salt.       The  probable  structural 
formula  is:  OH 


Free  n-propyl  arsonic  acid  was  prepared  by  treating  the  magne- 
sium salt  in  the  cold  with  the  calculated  quantity  of  concentrated 
sulphuric  acid  and  then  extracting  with  alcohol.       Upon  evaporating 
the  alcoholic  solution  the  acid  is  obtained  ars  needle-form  crystals. 

The  acid  is  very  soluble  in  v/ater;   100  parts  of  solution  at  26^ 
containing  43  parts  of  acid.       It  is  also  very  soluble  in  alcohol 
but  insoluble  in  ether. 

n-Propyl  Arsjne  '  Bisulphide. 
A  quantity  of  the  magnesium  propyl  arsonate  was  dissolved  in 
dilute  hydrochloric  acid  and  v/as  treated  with  hydiogen  sulphide.  A 
heavy,  light-yellow  oil  was  slowly  precipitated.       It  was  extracted 
tfeith  carbon  bisulphide,  dried  with  calcium  chloride  and  freed  from 


C?H7  -  ®s  =  OpMg 
?  OH 

GgH7t    -As'=  02Mg.     (Vide  pp2*J  ) 
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the  solvent  by  evaporation.  %?196  grams  substance  gave  .7176grans 
BaSO^  Calculated  for 

C^HyAsSg  Pound 
S  35.16  35.29 

The  reaction  therefore  was  : 
C^H7As0(0H)2    ►  2  H2S  =     C3H7AsS2  r    3  HO. 

The  density  of  the  disulphide  was  found  to  be  1.8.     It  is  a  heavy, 
viscid  oil  that  becomes  a  gummy  mass  below  -10°. 

Isoamyl Arsonic  Acid. 
This  acid  was  prepared  in  a  manner  nearly  identical  with  manner 
of  preparation  of  the  n-propyl  arsonic  acid.     One  molecular  quantity 
of  arsenic  trioxide  (150  grams)  was  dissolved  in  six  molecular  quan- 
tities of  potash  (254  grams)  and  treated  with  two  molecular  quanti- 
ties of  isoamyl  iodide  (300  grams).     The  reaction  mixture  was  per- 
mitted to  stand    for  two  or  three  days,  when  the  alcohol  was  remov- 
ed by  distillation;  the  solution  was  then  carefully  neutralized  and 
filtered  from  the  double  salt  of  As907.2KI.     Upon  acidifying,  a  mass 
of  shining, scale-like  crystals  separated,  usually  after  some  time; 
they  were  filtered  off,  washed,  recrystallized,  dried  and  analyzed. 
0.3454  grams  of  the  substance  gave  0.1822  grams  of  water  and  0.3383 
grams  of  C0o. 

Calculated  for 
C5H11As0(0H)2  Found 
C  30.61  30.21 

H  6.84  6.63 

The  magnesium  salt  wasjeasily  prepared  by  boiling  the  acid  with  mag- 
nesium  mixture.  Isoamyl  Arsonic  Acid  is  a  pearly-white  crystal- 
line substance  that  melts  at  194® ;  one  hundred  c.  c.  of  a  saturated 
aqueous  solution  at  £8^  < 
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contains  Oii820  grans  ;  An  equal    quantity  of  a  saturated  alcoholic 
solution  at  21®  contains  2.2  grams.       Like  the  other  arsonic  acids 
it  is  insoluble  in  ether. 

Isoamyl  Arsinc  ■  Disulphide . 
TJjis  sulphide  was  prepared  as  was  the  normal  propyl  disulphide. 
It  is  a  viscid  light-yellow  oil  that  will  not  solidify  in  a 
freezing  mixture  and  cannot  be  distilled  without  decomposition. 

0.2709    grams  of  the  substance  by  the  Carius  method  gave  0.6040 
grams  of  BaSO^ 

Calculated  for 

c5  Hll   As  s2  Found 
S  30.48  30.62 

Benzyl  Arsenic  Acid. 
Of  all  the  arsonic  acids  benzyl  is  the  most  easily  prepared. 
When  quantities  of  the  substances  indicated  by  the  equation, 
2C6H5CH2I    +  As203   +   6K0H  =  BC6H5CH2As0(0K)2    H    2KI    H  3H20 
are  dissolved  in  a  mixture  of  alcohol  and  water  in  the  manner  previ- 
ously described,  freed  from  the  alcohol  by  distillation,  first 
neutralized  and  then  carefully  acidified  with  hydrochloric  acid,  a 
precipitation  of  benzyl  arsonic  acid  to  the  extent  of  60  %  occmrs. 

Benzjtl-ethyl  ether  equal  to  the  loss  of  benzyl  iodide  not  fix- 
edjby  the  arsenite  may  be  recovered  from  the  alcohol  removed  by  distil 
lation  (Amer.  Chem.  Journ.  33,     142.).       Upon  v/ashing  $he  free  acid 
with  water  and  recrys tallizing  once  from  water  or  alcohol  it  is  easi- 
ly obtained  pure. 

.01828  grams  of  substance  dried  at  100°  gave  0.2591  grams  of 
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C02  and  0.0691  grams  of  H20. 

Calculated  for 

C6H5CH2As0(0H)2  Found 
C  38.88  33.65 

H  4.16  4.20 

Benzyl  arsonic  acid  crystallizes  in  long,  beautiful,  white, 
glistening  needles.       It  melts  at  167^.       It  dissolves  with  diffi- 
culty in  cold  water  but  is  relatively.,  easily  soluble  in  hot  water; 
one  hundred  c.  c.  of  a  saturated  aqueous  solution  at  22.5^  contains 
0.34  grams;  at  27^,  0.39grams;  and  at  97^  contains  3.50  grams  of  the 
acid.     Its  solubility  in  alcohol  is  indicated  by  the  following  data: 
one  hundred  c.  c.  of  saturated  solution  at  23^  contains  0.87  g£§>ms 

and  at70^,  5.91  grams  of  acid.       It  is  stable  in  the  air  and  has  no 

it 

odor  .but  a  bitter , peculiar  taste.     It  has  an  irrsting  effect  upon  the 
epidermis  and  the  mucous  membrane.    An  aqueous  solution  of  the  acid 
gives  with  silver  nitrate  a  white  precipitate  of  the  silver  salt' and 
with  magnesium  mixture  on  boiling^a  white  precipitate  of  the  magnes- 
ium salt. 

4 

Benzyl  Arsjjn&c  Disulphide. 
Treated  with  hydrogen  sulphide  benzyl  arsonic  acid    slowly  pre- 
cipitates the  benzyl  arsonic  disulphide,  C.,HrCH_AsSo,  which  is  very 
similar  in  properties  to  the  disulphides  described  previously.  It 
is  a  heavy,  bright- yellow  oil  that  dissolves  rapidly  in  nitric  acid 
liberating  oxides  of  nitrogen  and  sulphur.     On  being  heated  alone 
it  gives  off  hydrogen  sulphide  and  forms  arsenic  trioxide  and  stil- 
bene.     The  reaction  is,  probably  : 
2  C6H5CH2AsS2  =  OgHgCH-OHGgHg  H    As203  +  HgS. 
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Decomposition  of  Benzyl  ijja?g)nic  Acid  "by  Heat. 
Benzyl  arsonic  acid  on  being  heated  yields  the  following  decom- 
position products:  benzyl  alcohol,  benzaldehyde,  stilbane,  water  and 
arsenic  trioxide.       Probably  the  most  important  imaction  is  this; 
2C6H5CHoAs0(0H)2     =     CgHgCHgOH  +   06H5CH0    +  ASg03   +  3H20 

Stilbene  is  formed  according  to  the  equation: 
2C6H5CH2AsO(CK)2     =     G3H5CH    =     CHCgKg  H    AsgOg  ';  3H20 

Upon  heating  the  corresponding  arsinic  acid  ,   ( CgK5CH2 )2As00H, 

1 

Michaelis  and  Paetow  (Ann.  Chem.     233 .  83),  found  that  benzyl  arsinic 
acid  probably  decomposed  according  to  the  following  reaction: 
2(C6H5CH2)2AsC0H    =    As2        2H20  -.'    2CgH5CH0    '  rC6H5CH2)2 
Vvhen  fifty  grams  of  benzyl  arsinic  acid,  containing  some  water 
of  crystallization  was  heated  in  a  small  flask  attached  to  a  condens- 
or,  an  emulsion  having  the  odor  of  benzaldehyde  passed  over.  0n 
standing,  fifteen  grams  of  water  separated.       The  oil  was  shaken  with 
a  concentrated  aqueous  solution  of  sodium  bisulphide  until  the  odor 
of  benzaldehyde  was  discharged;   it  was  then  extracted  with  ether. 

The  aqueous  solution  was  easily  proved  to  contain  benzaldehyde 
sulphite  by  acidifying  and  distilling  with  steam.       The  ether  solu- 
tion, after  drying  with  CaCl2,  was  distilled  and  gave  fractions  which 
boiled, largely ,  between  200  and  210°(Benzyl  alcohol  boils  at  206°). 

This  portion  was  treated  with  acetyl  chloride  and  benzoyl 
chloride  and  yielded,  respectively,  benzyl  acetate  (106^)  and  benzyl 

Q 

benzoate  (324  ).  The  amounts  of  benzyl  alcohol  and  benzaldehyde 
produced  were  approximatelyjequal ;  therefore  the  following  reaction 
is  established: 

2C6H5Ctt2As0(0H)2     =     C6Hp;CH20H  H     CgHgCHO    h    As203  H20 . 
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The  higher  fraction  boiled  largely  between  300  and  3X0  (stilbene 

boils  at  306°  and  dibenzyl  boils  at  234^).        However,  it  was  too 

small  in  quantity  to  be  purified  by  fractionation  and  it  could  not  be 

crystallized  by  cooling  in  a  freezing  mixture.      A  combustion  gave: 

Substance  Calc*  for  Calc.  for        Calc.  for 

stilbene  dibenzyl      benzyl  alcohol. 

C  84.65  9* '.34  92.30  77.07 

H  7.95  6.66  7.70  7.64 

Evidently  the  higher  fraction  was  a  mixture  of  benzjpl  alcohol 

and  stilbene  rather  than  benzyl  alcohol  and  dibenzyl.  Further 

evidence  of  this  is  seen  in  its  easy  decolorization  of  bromine  water. 

Therefore  a  secondary  decomposition  of  benzyl  arsonic  acid  by 

means  of  heat  is: 

£C6H5CKoAs0<0H)2       =     C  HgOH    =     CHC6KP        H20    ;■  As^. 

Decomposition  of  benzyl  Arsonic  Acid  by  Acids . 

Unlike  its  homologues  and  isologues  benzyl  arsonic  acid  is  was- 

1 

ily  decomposed  by  mineral  acids.       Iviichaelis  and  Paetww  (Ann.  Chem. 
233,     34.),  observed  that   concentrated  hydrochloric  acid  decomposed 
dibenzyl  arsinic  acid  completely  into  arsenic  trichloride,  benzyl 
chloride  and  toluene , according  to  the  equation: 

(CgHpCH2)2As00H  +     4HC1    =     C6H5CH2C1  +  C6H5CH3  +  AsCl*  +  2HgO 
with  concentrated  hydrochloric     I  find  that  benzyl  arsonic  acid 
is  decomposed  into  benzyl  chloride  and  arsenious  acid  (no  toluene 
was  detected)  therefore  the  reaction  is  this: 

2C6H5CH2AsO(OH)2        2KC1     =     2C6H5CH2C1  4    As203  +  3H20 

With  sulphuric  acid  I  find  that  dibenzyl,  benzaldohyde ,  and 
arseniDHS  acid  are  the  decomposition  products,   therefore  the  follow- 
ing reaction  is  probable: 


4C6H5CH2As0(0H)2  =(C6H5CH2)2  H     2C6H5CH0    i     As202  H  3H20 

The  speed  of  the  above  reaction  may  be  determined, after  treats 
ment,  by  titration  with  a  standard  iodine     solution,  free  iodine 
having  no  effect  on  arson! c  acids.       The  accompanying  table  shows  the 
great  speed  of  the  decomposition:  Percent 


Decomp 


ft.  of 

Ar sonic 

benzyl 
Acid . 

cc .  of 

HoO 

cc  .  of 

HoS04 

Time 
Minutes 

Temperature 

osi 
tion, 

1.5 

grams 

25 

10 

30 

100 

100 

1.5 

it 

25 

10 

15 

100 

100 

]  .318 

if 

25 

5 

5 

100 

99 

1.318 

ii 

25 

5 

5 

100 

99.4 

1.172 

ti 

25 

1 

10 

100 

92 

The  decomposition  with  sulphuric  was  much  more  rapid  than  with 
hydrochloric  acid.       When  phenyl  and  ethyl  arsonic  acids  were  treated 
in  the  same  manner  only  traces  of  arsenious  acid  were  detected. 


Lecomposi tion  of  the  Salts  of  Fatty  Arsonic  Acids  by  Heat. 

It  was  found  by  Lehn  (Am. .Chem.  Journ.  33,  133.),   that  heat  de- 
composed magnesium  ethyl  arsonate  into  magnesium  oxide,  metallic  arse- 
nic, water  and  a  hydrocarbon  gas. 

A  closer  sjudy  of  this  decomposition  was  made  and  it  was  found 
that  the  hydrocarbon  gas  was  a  mixture  of  methane  and  ethylene. 

The  unsaturated  gas  was  separated  from  the  methane  by  treatment 
with  bromine  water  and  their  ratio  was  found  to  be  in  one  case  42.5$ 
of  the  former  to  57.5/1  of  the  latter.  A  combustion  on  the  residual 
gas  gave  the  following: 

43.5  c.  c.  of  gas  (corrected)  equal  to   .0317  gEarms  gave  .0363 
grams  of  CO2  and  0.0714  grams  of  Hr>0 
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C 
H 


Calculated  for 
C  H4 
75.00 


Found 
75.10 
24.04 


An  analysis  of  the  saturated  gas  by  the  explosion  method  gave 
the  following  results: 


Vol.  gas 


Vol .  CO' 


saturated.  Theory 
10.2  10.2 
12.0  12.0 


Vol.COo 

Found 


10.4 
11.8 


Vol.Fx20 
Theory 


Vol.  H20 

Found 


20.4 
24.0 


20.4 
24  .2 


Evidently,   the  'saturated  gas  is  methane. 

An  analysis  of  the  mixture  of  saturated  (57.5/0  and  unsaturated 
(42.5/^0  gases  was  :::ade  by  the  explosion  method  and  gave  the  following 


Vol.  gas 


Vol.C02 


Vol.COo 


Vol.H00 


Vol.  HoO 


Saturated 
and 
Unsaturated 
3.4 


Calculated 
12.0 
12.3 


Calculated 
16.3 
18.0 


Found 
16.6 
18.2 


Found 
11.3 

9.0  12.8  12.8 

This  indicates  that  the  unsaturated  gas  is  ethylene:  an  equa- 
tion proposed  to  represent  the  decomposition  of  magnesium  ethyl 
arsonate  is  as  follows: 

(C2H5As03lvig)2H20     =  2CH4       C2H4         Mg2  As20? 
This  cannot  represent  the  entire  reaction  for  water,  is  found 
as  well  as  a  larger  amount  of  ethylene  than  is  indicated  by  the  equa- 
tion.     As  magnesium  ethyl  arsonate  is  dehydrated  and  partially 
decomposed  at  145°  -  170°   (Am.  Chem.  Journ.  ,33,   133.),   the  following 
secondary  reaction  may  occur; 

2C6H5As05i,ig     =     C2H4  H20    -.'  Mg2As205 

Furthermore  as  carbon  dioxide,  to  the  extent  of  10  to  13  per 
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cent  of  the  evolved  gases  and  also  metallic  arsenic  are  formed  among- 
st the  decomposition  products  other  reactions  are  probable. 

Decomposition  of  Magnesium  n-Propyl  Arsenate  by  Heat . 

When  magnesium  n-propyl  arsonate  was  heated  in  an  apparatus 

filled  aith  carbon  dioxide  it  yielded  gaseous  products,  which  when 

freed  from  carbon  dioxide  were  soluble  in  bromine  water  to  the  ex- 

the 

tent  of  40  %*       Thus  gaseous  products  consists  of  40  %  of  unsaturated 
hydrocarbon  and  60  %  of  a  residual  gas  whose  analysesjindicated  a 
mixture  of  hydrogen  with  methane.       In  the  analyses  given  below,  the 
gas  in  experiment  (a)  was  obtained  from  the  total  evolved  gas  while 
in  experiment  (b£  the  gas  analyzed  was  obtained    from  the  gas  last 
evolved  during  the  heating  of  the  arsonate. 


*4. 

Vol.  Gas 

Vol.COc 

Found 

Vol.H2C 
Found 

Vol.HoO 
for 

Calculated  Hp 

Vol.HoC 

for  • 
Cal .ACHZ 

V0I.CO2 
for 
CalcACH4 

i  . 

15.0 

8.6 

25.4 

15.0 

30.0 

15.0 

2. 

11.5 

6.2 

13.6 

11.5 

23.0 

11.5 

12.0 

6.9 

19.8 

12.0 

24.0 

12.0 

This  experiment  shows  that  the  saturated  gas  consists  of  nearly 
equal  parts  of  hydrogen  and  methane. 


b) 

Vol.C02 

V0I.H2O 

Vol.HoO 

Vol.H20 

Vol.COo 

Vol. Gas 

for 

for 

for 

Found 

Found 

Ca 1 c ,  A  H2 

CalcACH4 

Calc.ACH4 

1. 

10.8 

7.3 

14.1 

10.8 

21.6 

10.8 

2. 

10.2 

7.0 

13.2 

10.2 

20.4 

10.2 

3. 

ltt.7 

7.3 

13  .7 

10.7 

21.4 

10.7 

This  experiment  shows  about  70  %  of  methane. 
When  40  grams  of  magnesium  n-propyl  arsonate  were  heated  so 
that  the  gaseous  products  passed  through  bromine  water,  a  quantity  of 
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halogen-olef ine  addition  product  was  obtained.  Distillation  of 
this  oil  yielded  fractions  that  boiled  near  the  boiling  point  of 

ethylene  bromide  (129.5^)  and  propylene  bromide  (141  )• 

Or 

Analysis  of  the  fraction  boiling  near  129.5     gave  the  following 

data : 

1.  0.2355  grams  of  substance  required  0.4089  grams  of  AgNO^. 

2.  0.2775  grams  of  substance  required  0.4973  grams  of  AgNOr?. 
3..     0.3297  grams  of  substance  required  0.5899  grams  of  AgNO^. 

Calculated  for 
CHoBrCHoBr  Found 
Br  35.11  85.35      84.35  84.20 

Analysis  of  the  fraction  boiling  near  141°  gave  this  data  : 

0.2980  grams  of  substance  required  0.4739  grams  of  AgN0„. 
Calculated  for 
CgKLBrCHgBr  Found 
Br  79.71  73.42 

The  evidence  on  the  decomposition  of  magnesium  n-propyl  arsonate 
is  too  little  at  present  to  venture  writing  the  equations  involved. 

Solubilities  and  Melting  Points. 
These  properties  of  some  of  the  arsonic  and  arsinic  acids  as 
determined  by  me  are  given  in  the  accompanying  table.     The  alcohol 
used  was  of  95$  concentration. 
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Acid 

Solvent 

Temperature 

Parts  per 

Melting 

 . — .  

100 

Point 

Ethyl  Arsonic 

H20 

270 

70 

99. 5U 

it  it 

II 

40° 

112 

ti  ii 

C2H50H 

25° 

39.4 

Propyl  Arsonic 

H20 

26° 

43 

125° 

Isoamyl  Arsonic 

II 

28° 

.82 

194° 

ii  ii 

C2H50H 

23.0 

2.2 

Benzyl  Arsonic 

ii 

23° 

.87 

167° 

ii  ii 

»i 

70° 

5.91 

ii  ii 

H2° 

22.5° 

.34 

ii  ii 

II 

27° 

.  39 

ii  ii 

♦  1 

97° 

3.50 

Phenyl  Arsonic 

II 

28° 

3.25 

1580 

ii  ti 

II 

41° 

4.82 

ii  ii 

N 

520 

8.52 

ii  ii 

ti 

84° 

24.00 

it  ii 

C2H50H 

26° 

15.51 

n  it 

it 

68° 

55.40 

Cacodylic 

H20 

22° 

82.9 

Phenyl  Arsinic 

II 

27° 

.28 

164° 

ii  ii 

C2H50H 

22° 

11.3 

♦i  ii 

ii 

550 

57.7 

(1) 

G.  Meyers  Reaction  (Continued) 
Continuing  the  work  of  Dehn  the  reactions  of  various  haloid 

derivatives  of  the  hydrocarbons  v.rith  K^AsO^,  were  studied.       in  the 

reactions  which  are  considered  in  the  following  table,  the  haloid 

derivative  was  used  in  excess  of  the  theoretical  amount. 


Haloid  Derivative 


Isobutyl  Iodide 


Chloroform 


Bromof orm 


Time 
1  hr. 
4 


32 
48 
100 
1/2 

r7 

1/2 

1 

4 
45 

98 


42 
53 
96 
140 
216 


Temperature 
25° 
25° 
25° 


25 


25 


0 


30v 


30 


0 


m 
25 


25' 


0 


25 


0 


0 


25 


0 


24 


0 


24 


24' 


24 


%  Yield 

5 

9 
10 
10 
10 
12 
12 

20 

1 
1 

4 

4.8 

5 
15 

23 
30 
30 
30 


1.     Amer.  Chem.  Journ .  35,  138. 
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1 1  ci  X  U  l(i    JJo  I  1  V  a  L  1  V  C 

Time 

#  Yi  p  1  rl 

/c     ±  -L  w  1U 

_L  U  (JO  1  U  I  ill 

26 

nr. 

2-° 

40 

ti 

23° 

p0 

51 

ii 

23° 

52  9 

94 

it 

7Q 

114 

ii 

2^0 

81 . 5 

210 

ii 

0-7  0 

qo  o 

1/2 

h 

80° 

50 

1 

ii 

800 

51 

« 

1  1/2 

ii 

30° 

51 

2  1/2 

ii 

80° 

54 

2  1/2 

it 
ti 

25° 

86.36 

p-Chlor toluene 

1 

ti 

■  23° 

0 

A  O 

ii 

23° 

3 

it 

ii 

23° 

3 

Allvl  Iodide 

10 

min . 

23° 

«Q 

H 

30 

ii 

23U 

45 

II 

1 

nr. 

230 

46 

II 

26 

M 

23° 

51 

These  determinations  were  made  by  titrating  the  KgAsOrj.  with 
standard  iodine  solution  and  thus  determining  the  quantity  which, had 
been  transf ommed.       in  the  cases  of  isobutyl  iodide  and  iodoform  a 
slight  quantity  of  K^AsO^   separated.       The  allyl  iodide  appeared  to 
act  abnormally,  first  a  brown  precipitate  being    formed  and  then  a 
yellow  oil. 


—  ~~  —  =—  — ^ 

Action  of  K^AsQ^  on  Iodoform, 
As  the  titration  method  showed  that  iodoform  reacted  with  K^AsO^ 
an  attempt  was  made  to  separate  its  reaction  products.       For  this 
purpose  19  grams  of iodoform  were  placed  in  a  flask  with  11. G  grams 
of  K^AsO^  and  300  c.  c.  of  alcohol,  with  just  sufficient  water  to 
keep  the  arsenite  in  solution.       The  mixture  was  then  heated  for 
twenty  minutes  on  the  water- "bath .      After  allowing  to  stand  for  four 
days  the  alcohol  was  removed  by  distillation  and  the  residual  aque- 
ous solution  was  divided  into  two  portions  (a)  and  (b).     An  attempt 

was  made  to  precipitate  a  magnesium  salt,  in  the  usual  manner,  by 

um 

boiling  with  magnesi1  mixture,  but  it  failed,  no  precipitate  being 
formed.     Solution  (a)  was  then  evaporated  to  dryness  and  the  residue 
extracted  with  water  so  as  to  get  rid  of  the  excess  of  iodoform  , 
which  is  insoluble  in  water.     The  aqueous  extract  was  evaporated 
to  dryness,  the  residue  was  extracted  with  alcohol  and  the  alcoholic 
extract  evaporated  to  dryness.     This  alcoholic  extract  was  found  to 
contain  combined  carbon  and  arsenic  and  upon  reduction  yielded  an 
organic  arsine.     Tests  showed  that  the  arsenic  was  not  present  as 
arsenate  or  arsenite.     The  organic  compound  contained  some  halogen 
as  determined  with  AgNO^.     The  salt  containing  the  organic  carbon 
and  arsenic  could  not  be  separated  by  extraction  with  95%  alcohol 
from  the  potassium  iodide  present,  so  that  the  second  portion  of  the 
solution  wsa  used  in  the  following  manner.     Solution  (b)  was  reduced 
in  an  atmosphere  of  hydrogen  with  zinc  and  hydrochloric  acid  and  the 
resulting  organic  arsine  was  passed  into  ether.     After  the  ether  had 
become  saturated  with  the  gas  a  light-yellow  oil,  heavier  than  ether, 
separated.     The  ether  solution  was  left  exposed  to  the  atmosphere 
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so  as  to  oxidize  the  arsine  to  the  corresponding  arsonic  acid,  but 
the  arsine  was  apparently  very  volatile  and  disappeared  more  readily 
than  the  ether.     The  reaction  product  was  thus  lost.     It  was,  however, 
settled  that  a  reaction  takes  place  between  potassium  arsenite  and 
iodoform  with  the  formation  of  an  organic  arsenic  compound  which 
evidently  contains  halogen.     It  thus  seems  probaMe  that  some  such 
compound  as  CHIoAsO(OK)     is  formed  by  the  reaction. 

Bromoform  reacts  with  potassium  arsenite  fairly  well  as  shown 
by  the  prer^edin^  table  but  not  nearly  so  readily  as  iodoform. 

Chloroform  reacts  much  more  difficultly  than  either  iodoform  or 
bromoform.       Time  did  not  permit  cf  further  study  of  these  --ructions. 

Electrical  Conductivities  of  Arsonic  and  Arsinic  Acids . 
Hanztsch(Ber .d.chem.  Ges.  37,1076)  concluded  from  his  measure- 
ments   of  the  conductivity  of  salts  of  cacodylic  acid  in  water  sol- 
ution that  the  following  equilibrium  exists  : 
(CH„)oAs00H  k-    Ho0     ft  (CH^)oAs(OH)^. 

The  mono-hydroxylated  form  functionates  in  the  presence  of  metallic 
hydroxides  giving  salts  of  the  type  ( CH^ )oAsC0M;   the  trihydroxylated 
form  functionates  in  the  presence  of  an  excess  of  alkali  showing  a 
weak  tendency  to  form  the  salts  of  the  type  (CH^ )oAs0H(0M)o  : 
(CH3)2As02Na  t-    NaOH  =  ( CH3  )2As ( OH)  ( ONa  )«. 

Evidence  for  this  conclusion  is  easily  seen  in  the  data  submitted  : 

Na  Cacodylate  NaOH  Na-Cacodylate  -h  NaOH 

By  Addition  Found 

56.8  202.0  258.0  232.8 

M2  S6.8  201.9  257.9  233.1 

This  effect  is,  however,  very  slight  and  entirely  disappears  in 
N/48  solution. 


Differ- 
ence . 

25.2 
24.8 


24 


Hantzsch  concludes  further  that  cacodylic  acid-  is  an  amphoteric 
electrolyte  from  the  fact  that  it  yields  a  chloride  and  a  nitrate 
having  formulas  ( CH3 )oAs(0H)2Cl  and  (CH^ )2As(0H)2N03  which  are  con- 
sidereojderived  from  the  tri-hydroxylated  form  of  cacodylic  acid, 
(CH,,  )2As(0H)rr.     This  amphoteric  cacodylic  acid  being  a" cacodylic 
alcohol"  would  be  only  slightly  dissociated,  as  I  have  found  by 
electric  conductivities.     The  following  conductivity  measurements 
were  made  by  Kohlrausch's  me:tfcpd  at  25^C: 

Molecular  Conductivity. 


V 

Mj 

M2 

1 

.22 

.22 

2 

.28 

.28 

4 

.38 

.37 

8 

.57 

.57 

16 

.86 

.86 

32 

1.35 

1.35 

64 

2.35 

2.34 

128 

rz    t  K 
O  •  o  D 

3.35 

n 


It  was  found  impossible  to  measure  the  conductivity  in  a  more 
dilute  solution  than  n/128.       It  is  easily  seen  that  the  dissociation 
is  much  less  than  would  be  supposed. for  it  is  known  that  cacodylic 
acid  although  a  weak  acid  is  much  stronger  than  is  indicated  by  the 
dissociation.  If,  corresponding  to  (CHg ^AsCOH*)*,   the  arsenic 

acids  fc-rm  such  compounds  as  RAs(0H)4,  we  might  explain  the  presence 

of  one  half  a  molecule  of  fioO  in  the  magnesium  salt  by  the  following 

OH  nw 
diagram    2R-As  0H  R  As  q \*  ^ 

OH  2  MgCl9  =        0     0  4EC1. 

OH  *  | 

R  As  0  Mg 
OH  0 
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This  reaction-product  when  written  empirically  would  correspond 
in  composition  to  (RAsOgMgJgl^O  which  has  been  found  to  be  correct 
with  some  of  the  arsonic  acids.        Walden  (Zt.  Phys .  Chem.  1,533.) 
has  measured  the  conductivity  of  the  magnesium  cacodylate  and  has 
found  that  dissociation  shows  no  signs  of  completion  in  n/1024  solu- 
tion, thus  emphasizing  the  extreme  weakness  of  cacodylic  acid  in  wa- 
ter solution  at  the  usual  concentration.       The  conductivity  of  ethyl 
arsonic  acid  was  likewise  measured  and  though  much  greater  than  that 
of  cacodylic  acid  it  was  very  evident  that  dissociation  in  n/l024 
solution  did  not  approach  completion.       Whether  this  slight  dissocia- 
tion in  water  solution  is  due  to  the  formation  of  RAs(0K)4,  as  sug- 
gested above  in  the  formation  of  the  magnesium  salt, has  not  been 
determined. 

The  conductivity  of  ethyl  arsonic  acid  as  measure  by  Kohlrau- 
sch's  method  at  25  C.  is  given  in  this  table. 

Molecular  Conductivity. 


V 

M2 

1 

9    rz  i* 
(~i  *  %J  %j 

2.34 

2 

5    1  ~ 

3.15 

4 

4.25 

4  . 24 

8 

5.93 

5.98 

16 

8.27 

8 . 24 

32 

11.49 

11.43 

64 

16.17 

15.98 

128 

S3 . 10 

23  .03 

256 

53.01 

32.81 

512 

46.93 

46.57 

1024 

65.25 

64  .94 

In  conclusion  I  wish  to  thank  Dr.  Wm.  M .  Dehn  for  his  untiring 
advice  and  assistance. 


A 


r       l  -      »  el 


i 
* 


4  *     ^  . 


IP 


*  #: 

Mm 


m 


lis 


5^ 


*     F     *  . 


fill 


Hp 


* 

* 

.* 

* 

1 

IB! 

# 

n 

Pi 

* 

* 

IMP 

# 

i 

* 

# 

till 

# 

pi^ 

* 

* 

4 

* 

is 

Ppl 

fii 

# 

Ipi 

1Kb 

# 

flli 

iilit 

lifi 

^1 

^1 

4 


^     4>     ^     ^    -  #. 


*    *    *  # 


NIK  JSP 


*        ^  ^: 


4  sHESlr 


mil* 


*      *  •    #     *      £  | 


/li^al^j'.f 


■JiiyM^  U0K^ 


iBPi 
US! 


11 


t 


lV;-*£  i^K;  *    *    #    *  * 

- #     *     ^     #     #   :  #  ■  *     #     #:         .  4  .  ■ 

mmi  lllili 


*       *       ^  #•  # 


n 


-  4 


^i^sP*  MP!  'jiM  y 


